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$\frac{\partial\triangle\psi}{\partial t}-P\Delta^{2}\psi+PRa\sin\theta-PRa(\frac{\partial T}{\partial z}\sin\theta-\frac{\partial T}{\partial x}\cos\theta)=J(\psi, \Delta\psi)$ , (1)
$\frac{\partial T}{\partial t}-\triangle T+\frac{\partial\psi}{\partial x}=J(\psi, T)$ . (2)
$T$
$-Z$ $T_{tota\iota}(X, z)=-Z+T(X, \mathcal{Z})$
, $J(f,g)$ $\Delta$ $(x, z)$
2 .
$J(f,g) \equiv\frac{\partial(f,g)}{\partial(x,z)},$
$\triangle\equiv\frac{\partial^{2}}{\partial x^{2}}+\frac{\partial^{2}}{\partial z^{2}}$ .
, $\theta$ ,
$A=L/d$, $Ra$ P .
.
$Ra=$.
$\frac{\gamma g\delta Td^{\mathrm{s}}}{\nu\kappa}$ , $P.= \frac{\nu}{\kappa}$ . (3)
, $P=7$ ( ) . , $\kappa$
, $\nu$ , $\gamma$ , $g$ .
$\psi=\frac{\partial\psi}{\partial z}=0$ , $T=0$ at $z=\pm 1/2$ ,










$\Delta^{2}\psi=Ra\frac{\partial T}{\partial x}$ , (5)
$\Delta T=\frac{\partial\psi}{\partial x}$
(5), (6) (4) , $Ra_{c}$
. ,
, $Ra$
. (5) (6) (4) $x$
$z$ $Z_{2}\cross Z_{2}$ ,
4 .
$(a\mathrm{a})$ : $x$ $z$ ,
$\psi(e, e),$ $T(\circ, e)$ .
(sa) : “‘ $x$ $z$ ,
$\psi(\circ, e),$ $\tau(e, e)$ .
(as) : 1“ $x$ $z$ ,
$\psi(e, \circ),$ $T(\circ, \circ)$ .
$(\mathrm{s}\mathrm{s})$ : $\grave{\grave{>}}x$ $z$ ,
$\psi(\circ, \circ),$ $\tau(e, \circ)$ .
$\psi(e, e)$ $\psi$ $x$ $z$
.
4 2
. 2 $0.1<A<10$ ,
. $x$ . $A$
$(i\mathrm{i}\mathrm{a})$ , $A$ 1.57
(sa) . $A$ $(\mathrm{a}a)$ (sa)
, (as) $(\mathrm{s}\mathrm{s})$ $A$
. $(\mathrm{a}\mathrm{a})$ (sa) ,
11
. , $(\mathrm{a}\mathrm{a})$ –
. . , . $(\mathrm{a}\mathrm{a})$
(sa) $A$ - , $\triangle A\simeq 1.0$ . ,
$x$ 1 , $A$ 1 $x$ 1
. $Aarrow\infty$ $Ra_{c}=$ 1707.8




3 (a): (b): . $(\mathrm{c}),(\mathrm{d})$ $(\mathrm{a}),(\mathrm{b})$ .
12
, $A=1$ 3 . 3
(a) (b) . 3(a)
( ) ,
. 3(b) ,










$Ra_{c}=5011.7$ . - , $Ra>0$
. , .
(1), (2) /m $=0$ , $(\overline{\psi},\overline{T})$
.
$-P \Delta^{2}\overline{\psi}+PRa\sin\theta-PRa(\frac{\partial\overline{T}}{\partial z}\sin\theta-\frac{\partial\overline{T}}{\partial x}\cos\theta)=J(\overline{\psi}, \triangle\overline{\psi})$ , (7)
$- \Delta\overline{T}+\frac{\partial\overline{\psi}}{\partial x}=J(\overline{\psi},\overline{T})$ . (8)
(7), (8) , (4) $(\overline{\psi},\overline{T})$ .
, $A=1$ . ,
, , $(\mathrm{a}\mathrm{a})$ ,
. $(\mathrm{a}\mathrm{a})$ , $Ra=5011.7$
, $(\mathrm{a}\mathrm{a})$ $(\mathrm{s}\mathrm{s})$
. , I $(\mathrm{a}\mathrm{a})$ $(\mathrm{s}\mathrm{s})$
, $Z_{2}$ ( ) .
$\overline{\psi}(-x, -z)=^{\overline{\psi}}(x, z),\overline{T}(-x, -z)=-^{\overline{\tau}(x,z})$ . (9)
(7), (8) (9) ,
$Z_{2}$ .
, $(x, z)=(1/4,1/4)$ $z$
wl $Nu$ .
$w_{1}=- \frac{\partial\overline{\psi}}{\partial x}$ at $(x, Z)=( \frac{1}{4}, \frac{1}{4})$ , (10)
$Nu– l=- \int_{-1/}^{1/}22\frac{\partial\overline{T}}{\partial z}dx$ at $z=- \frac{1}{2}$ . (11)
13
(a) $(|))$
4 . (a):z $w_{1},$ $(\}))$ : $N\mathrm{t}\mathrm{e}-1$ .
4 , (a) $w_{1}$ , (b) Nu–l $\theta=0\circ,$ $1\circ,$ $50,20^{\mathrm{o}},$ $90^{\mathrm{O}}$
. Nu–l , 4 (b) 4 (a)
$w_{1}<0$ . $\theta=0^{\mathrm{o}}$ ,
. , \theta
, $\theta\neq 0$ . ,
$Ra=$ 5011.7 ,
. , –














, $\psi’(x, z, t)$ $T’(x, z,t)$ $\psi’=\hat{\psi}e^{\lambda}t$ $T’=\hat{T}e^{\lambda t}$
. , $\lambda$ . , \mbox{\boldmath $\lambda$} .
, \mbox{\boldmath $\lambda$} ${\rm Re}(\lambda)$ ${\rm Im}(\lambda)$ , ${\rm Re}(\lambda)<0$
, ${\rm Re}(\lambda)>0$ , ${\rm Re}(\lambda)=0$
14
. , ${\rm Re}(\lambda)={\rm Im}(\lambda)=0$ ,
$-p$ , ${\rm Re}(\lambda)=0$ ${\rm Im}(\lambda)\neq 0$ , $f={\rm Im}(\lambda)/(2\pi)$
.
(12) (1),(2) , $(\hat{\psi},\hat{T})$ ,
$\lambda\triangle\hat{\psi}-P\triangle^{\hat{\psi}-P}2Ra(\frac{\partial\hat{T}}{\partial z}\sin\theta-\frac{\partial\hat{T}}{\partial x}\cos\theta)=J(\hat{\psi}, \triangle\overline{\psi})+J(\overline{\psi}, \triangle\hat{\psi})$ , (13)
$\lambda\hat{T}-\triangle\hat{\tau}+\frac{\partial\hat{\psi}}{\partial x}=J(\hat{\psi},\overline{T})+J(\overline{\psi},\hat{T})$ , (14)
. $(\hat{\psi},\hat{T})$ (4) .
z2 ( $\mathrm{s}$- ) .
, , z2 (s-
) Z2 (a- ) .
:
$\psi(-x, -z)=\psi(x, Z),$ $T(-x, -z)=-T(x, Z)$ .
:
$\psi(-x, -z)=-\psi(X, Z),$ $T(-x, -Z)=\tau(x, Z)$ .
, $\mathrm{s}$- $(\mathrm{a}\mathrm{a})$ $(\mathrm{s}\mathrm{s})$ , a- (sa)
(as) . , $\mathrm{s}$- a- ,
.
5 (a) .





5(a) , a- \theta $=12.3^{\mathrm{o}},$ $61.8^{\mathrm{O}},$ $75.7^{\mathrm{O}},$ $81.5^{\mathrm{O}},$ $86.3^{\mathrm{o}}$
5 . 1, 2, .., 5 .
, $\theta<.10.7^{\mathrm{o}}$ , a-
. $\theta>10.7^{\circ}$ , . 1 , s-
. , $\mathrm{s}$- a-
. $\theta=90^{\mathrm{O}}$ , a- Rac $=557.3167\cross 104$
, . Gelfgat &Tanasawa[8] \theta $=90^{\mathrm{o}}$




$556$ . $\cross 10^{4}$ , $\mathrm{s}$ – .
, $\theta\leq 12^{\mathrm{o}}$
5(b) . , a-
. $Ra_{c}$ , RaSN
. ,
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. , , 3
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